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57) ABSTRACT

An improved circuit for compensating an input/output

characteristic linearity of a parallel comparison type
analog-to-digital converter which reduces a wasteful
consumption of current in the linearity compensation
circuit. In the improved linearity compensation circuit,
a dummy circuit having the same construction as a bias
circuit of each comparator of the A/D converter is
installed for providing a current Iz which is an amplifi-
cation of an input current by means of the input circuit
of each comparator, a first current multiplier is installed
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CIRCUIT FOR COMPENSATING A LINEARITY
OF AN INPUT/OUTPUT CHARACTERISTIC OF A
PARALLEL COMPARISON TYPE
ANALOG-TO-DIGITAL CONVERTER

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a circuit for compen-
sating a linearity of an input/output characteristic of a
parallel comparison type analog-to-digital converter
(hereinafter simply referred to as an A/D converter).

(2) Background of the Art

In the above-described A/D converter, the input-
/output characteristic is often damaged due to a current
flow through each comparator from a resistor chain for
generating and outputting each comparison voltage to
be compared with an input analog voltage.

Before explaining the linearity of the input/output
characteristic in the A/D converter, a construction of
the A/D converter will briefly be described.

An N-bit A/D converter generally includes parallel-
connected comparators (a comparator group) having a
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number of 2V —1, series-connected resistors (a chain of ,¢

resistors) having a number of 2V and equal resistance
values for dividing a reference voltage (for example,
—2 V) into comparison reference voltages having a
number of 2¥—1 and whose voltage values are mutu-
ally and sequentially different. Each comparison volt-
age 1s supplied to the corresponding comparator and
each comparator compares the corresponding compari-
son voltage with an input analog voltage V n for deter-
mining one of the comparison voltages which is nearest
to the input voltage V;n. The converter includes an
encoder for encoding the comparison result to derive an
N-bit digital signal as the output of the A/D converter.

In addition, a linearity compensation circuit is pro-
vided for compensating the linearity of the input/output
characteristic of the A/D converter affected due to a
presence of a current flow to each comparator from the
resistor chain for generating and outputting the compar-
1son reference voltages. The resistor chain comprises
the series-connected resistors.

In details, since all reference voltage dividing resis-
tors in the resistor chain have mutually the same resis-
tance values, terminal voltages across the respective
resistors are mutuaily equal and a potential at a connec-
tion point between each resistor and its adjacent resistor
becomes reduced by the same voltage value as the volt-
age is changed from the reference voltage supply side to
a zero voltage side. Therefore, a characteristic curve
representing a relationship between each resistor con-
necting point and a comparison voltage generated
therefrom should have a perfect linearity.

However, since a constant current actually flows
from the resistor chain to each comparator due to an
input characteristic of each comparator, the current
flowing through each resistor does not become even
and the linearity of the comparison voltages will, there-
fore, be affected. This causes a worsened linearity of the
above-described relationship input/output characteris-
tic of the A/D converter and provides a source of er-
rors in the output digital indication.

Consequently, it becomes necessary to compensate
for the linearity by additionally supplying an auxiliary
current to the conncecting point corresponding to an
amount of the current which has flowed into the com-
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parator group. The linearity compensating circuit
serves as such a compensation as described above.

As the number of output terminals of the linearity
compensation circuit connected to the resistor chain
becomes increased, the compensation described above
becomes more perfect.

If the number of output terminals from the compensa-

tion circuit 1s 255 which 1s one less than the number of
resistors in the resistor chain of an 8-bit A/D converter
for generating 256 comparison reference voltages and
the amount of current by which each connecting point
flows into the corresponding comparator is replenished
so as to compensate for the current flowing through
each corresponding comparator, a most perfect linear-
ity will be achieved. |

However, in this case, the construction of the whole
lineanity compensation circuit becomes complex and
the construction of the A/D converter becomes accord-
ingly large-sized. In addition, the power consumption
of the whole A/D converter is increased.
~ One of improved linearity compensation circuits ap-
plied to the A/D converter has already been announced
in a general national convention of Electronic and
Communication Society of 1983 fiscal year (preliminary
manuscripts, page 467) in Japan.

In the announced linearity compensation circuit, a
section which determines a current of an ECL (Emitter-
Coupled Logic) circuit used for the comparator group
and encoder of the A/D converter is provided. In this
section, a current flows into a main transistor thereof
which is 384 times as great as the current denoted by 1
flowing into an input circuit of one comparator in the
comparator group as an input current (base current).
The magnitude of this current 384i is divided by six to
derive six current flows 641, 641, 641, 641, 641, and 641 by
means of a current Miller circuit including four transis-
tors. Then, three of the six currents (641,641, and 641 of
the six-divided currents) are additionally supplied to
three predetermined connecting points separated from
one another by the number of the resistors of 64 in the
resistor chain. It is noted that the currents which are 64
times as great as the above-described input current of
each comparator are obtained by six and only three of
these six currents are used for the linearity compensa-
tion. The remaining three currents are caused to flow
wastefully through a minus terminal of the power sup-
ply of the linearity compensation circuit.

In this way, the previously announced linearity com-
pensation circuit produces a current path through
which a main current having a magnitude correspond-
ing to a total current flow through all comparators in
the A/D converter or corresponding to several times of
the total current. In the above-described case, 384 rep-
resents 13 times of the total current (256i)) flows. The
main current 18 divided into a plurality of subcurrents by
means of the current Miller circuit. Some of the subcur-
rents are supplied to appropriate connecting points
respectively in the resistor chain of the A/D converter
to compensate for the input currents flowing into the
comparators.

However, the previously announced linearity com-
pensation circuit has a drawback of increased current
loss and consequent increased power consumption.

This is because the above-described main current
(3841) flowing through the above-described main tran-
sistor of the above-described section is divided into six
subcurrents by means of the other three transistors con-

- stituting the current Miller circuit and three subcurrents
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are supplied to the predetermined three connecting
points of the resistor chain. Hence, if a current (the
emitter current of a transistor) flowing through an input
bias circuit of each of the comparators in response to an

input current of the comparator is Ig, a total of 384 Igof 5

current flows through the above-described transistors
connected between the main transistor and minus termi-
nal of the bias supply of the previously announced lin-
earity compensation circuit. That is to say, to obtain
three subcurrents 64i having the magnitude 64 times as
great as the current 1 to be supplied to the input transis-
tor of the comparator as the base current, the current
384 times as great as the emitter current Iz of one tran-
sistor 1n the corresponding comparator must wastefully
be caused to flow.

This causes remarkable increases in current flows
through the linearity compensation circuit and in power
loss in the A/D converter.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to
provide an improved linearity compensation circuit for
the A/D converter which can reduce a loss in current
flow in the linearity compensation circuit and wasteful
consumption of power in the A/D converter while
maintaining accuracy and miniaturization of the A/D
converter.

The above-described object can be achieved by pro-
viding a circuit for compensating an input/output char-
acteristic linearity of an analog-to-digital converter,
comprising: (a) first means for providing a first current
having a magnitude corresponding to a second current
which 1s an amplification of an input current flowing
through an input circuit of one of a plurality of compar-
ators 1n the analog-to-digital converter from a chain of
resistors providing each of a plurality of comparison
reference voltages for the corresponding one of the
comparators; (b) second means for providing a third
current on the basis of the first current, the third current
being a multiplication of the second current by a first
predetermined multiplication factor; (c) third means for
providing a fourth current on the basis of the third
current, the fourth current being a multiplication of the
third current by an inverse of an amplification factor of
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the mput circuit of the comparator; and (d) fourth 45

means for providing a fifth current on the basis of the
fourth current, the fifth current being a multiplication of
the fourth current by a second predetermined multipli-
cation factor and being supplied to the input circuit so
as to compensate for a first input current flow totally
supplied from a reference voltage supply of the resistor
chain to a predetermined group of the input circuits of
the comparators via the resistor chain.

The above-described object can also be achieved by a
circuitry for compensating an input/output characteris-
tic linearity of an 8-bit analog-to-digital converter, com-
prising: (a) three first circuits, each first circuit provid-
ing a first current having a magnitude corresponding to
a second current Iz which is an amplification of an input
current 1 flowing through an input circuit of one of a
plurality of comparators in the 8-bit analog-to-digital
converter from a resistor chain providing each of a
plurality of mutually different levels of comparison
reference voltages for the corresponding one of the
comparators; (b) three second circuits, each second
circuit providing a third current kIg on the basis of the
first current, the third current kIgbeing a multiplication
of the second current Ig by a first factor of a positive
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integer k; (c) three third circuits, each third circuit
providing a fourth current ki on the basis of the third
current kig, the fourth current being a multiplication of
the third current klg by an inverse of an emitter-
grounded current amplification factor 8 of the input
circuit; and (d) three fourth circuits, each fourth circuit
providing a fifth current kli on the basis of the fourth
current, the fifth current being a multiplication of the
fourth current ki by a second factor of a positive integer
] and being supplied to a predetermined one of the com-
parators.

The above-described object can also be achieved by
providing a circuit for compensating an input/output
characteristic linearity of an analog-to-digital con-
verter, comprising: (a) first circuit means for providing
a first current having a magnitude substantially equal to
a second current Iz which 1s an amplification of an input
current 1 flowing through an input circuit of one of a
plurality of comparators of the analog-to-digital con-
verter from a chain of resistors providing each of mutu-
ally different levels of comparison reference voltage for
the corresponding one of the comparators; (b) second
circuit means for providing a third current kig on the
basis of the first current, the third current kI being a
multiplication of the second current Ig by a first multi-
plication factor k; (c) third circuit means for providing
a fourth current ki on the basis of the third current klz,
the fourth current ki being a multiplication of the third
current by an inverse of an amplification factor of an
input transistor in the input circuit for the correspond-
ing comparison voltage of the input circuit; and (d)
fourth cirecuit means for providing a fifth current kli on
the basis of the fourth current ki, the fifth current being
a multiplication of the fourth current ki by a second

multiplication factor 1 and being supplied to a predeter-
mined one of the comparators.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a whole circuit configuration of an A/D
converter to which the present invention is applicable.

FIG. 2 1s a circuit construction of a linearity compen-
sation circuit in a preferred embodiment according to
the present invention which is applicable to the A/D
converter shown in FIG. 1.

FIG. 3 is a circuit construction of an input circuit of
one of the comparators in a comparator group shown in

FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Reference will hereinafter be made to the drawings in
order to facilitate understanding of the present inven-
tion.

FIG. 1 shows an 8-bit A/D converter to which the
present invention is applicable.

In FIG. 1, a resistor chain 1 includes 256 resistors R1
to R256 which are serially connected to a reference
voltage supply, for example, 2 volts. A first resistor is
connected to a zero terminal and the 256th resistor is
connected to a minus 2-volt terminal of the reference
power supply. Each resistor connecting point in the
resistor chain 1 provides a comparison reference volt-
age which has a different value from each of the other
comparison reference voltages.

Each comparison reference voltage is inputted to a
comparator group 2. The comparator group 2 includes
255 comparators COP1, COP2, - - - . Each comparator
COP1 to COP25S receives one corresponding compari-
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son voltage and compares it with an input voltage (i.e.
an analog input signal) Vin. An output signal of each
comparator in the comparator group 2 1s supplied to a
coincidence detection circuit 3. The coincidence detec-
tion circuit 3 detects whether any one of the compari-
son voltages with which the input voltage V jy substan-
tially coincides, i.e., to which one of the comparison

reference voltages the input voltage Vyis nearest. The
coincidence circuit 3 includes gates G1, G2, - - - for
comparing the output signals between one comparator
and an adjacient comparator, each output signal being
transmitted to an encoder 4. Each gate G1, G2, - - -
produces an output signals when the two input signal do
not coincide with each other. When the input voltage
Vnis applied to the A/D converter, the output signal
from any one of the gates G is produced. When the
output signal from any one of the gates G 1s produced,
the digital signal (8 bits) is produced as the output signal
of the A/D converter.

A linearity compensation circuit § is installed for
compensating the linearity of an input/output charac-
teristic of the A/D converter damaged by currents 1, i,

- - - flowing through the respective comparators COP
from the resistor chain 1. The detailed construction and
operation of the linearity compensation circuit 5 will be

described later.

FIG. 2 shows a preferred embodiment of the linearity
compensation circuit 3 shown in FIG. 1.

FIG. 3 shows an input circuit of one of the compara-
tors COP in the comparator group 3 shown in FIG. 1.

In FIG. 2, a dummy bias circuit 6a is provided in the
circuit 5 which has the same construction as a bias cir-
cuit 6 which determines a bias point at an input portion
of each comparator COP shown in FIG. 3.

Next, in FIG. 3, an input circuit of the comparator
COP includes an emitter follower transistor Q1 which
receives one of 256 comparison reference voltages de-
rived from the resistor chain 1 showin FIG. 1 at 1its base.

An emitter potential of the transistor Q1 is compared
with the analog input voltage V;n by means of a com-
parison section denoted by COMP in FIG. 3 of the
comparator COP. A transistor Q2 is connected to the
emitter of the transistor Q1. The current flowing
through the transistor Q2 is defined so as to have a
predetermined value by means of the bias circuit 6. The
bias circuit 6 includes transistors Q3 and Q4 and a resis-
tor, as shown in FIG. 3. A predetermined current Ig
flows through the transistor Q3. The transistor Q3 con-
stitutes a current Miller circuit together with the above-
described transistor Q2 and so on (constant current flow
transistors of the comparison section COMP).

Hence, the current Iz having the same value as the
current Iz which flows through the transistor Q3 in the
bias cuircuit 6 flows into the transistor Q2. It i1s noted
that a compensation transistor Q4 is incorporated mto
the bias circuit 6 for increasing a current amplification
factor since emitter-grounded current amplification
factors of the transistors Q2 and Q3 constituting the
current Miller circuit are insufficient due to the pres-
ence of base currents flowing through these transistors
Q2 and which are non-negligibly large with respect to
values of collector currents thereof.

If a base-grounded current amplification factor of the
transistor Q2 is a, the emitter current expressed as alg
flows through the above-described transistor Q1 so that
the current 1 expressed as alg/8 flows into the transis-
tor Q1 as its base current. It is noted that symbol

denotes an emitter-grounded current amplification fac-
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6

tor of, e.g., the transistor Q1. As described above, the
current i is determined which flows from the resistor
chain 1 shown in FIG. 1 to one comparator COP by
means of the bias current 6.

The linearity compensation circuit § shown 1n FI1G. 2
is provided with the dummy bias circuit 6a formed to
have the exactly same construction as the bias circuit 6

for deriving the above-described current Ig.

In the linearity compensation circuit 5, as shown 1n
FIG. 2, a first current multiplier 7 is installed which
provides a current multiplication factor K (which 1s
eight in the preferred embodiment). The current muiti-
plier 7 includes eight parallel transistors Q351 to Q33
constituting one current Miller circuit together with the
emitter follower transistor Q3 of the dummy circuit 6a
through which the current Ig of the above-described
dummy bias circuit 6a flows as its emitter current, thus
providing the total current flow expressed as 81 to the
eight transistors Q51 to Q5s. It is noted that each of the
base-grounded current amplification factors a of the
transistors Q51 to Q5g has the same value as that of the
transistor Q2 and the current flowing through an inter-

connected collector of the current multiplier 7 1s ex-
pressed as 8alg.
Transistors Q61 and Q6> constituted emitter follower

transisstors with the current multiplier 7 being function-
ing as a load, thus functioning to provide the current of
8i at the bases of the transistors Q61 and Q6;. Each of
the emitter-grounded current amplification factors of
the transistors Q6; and Q6; has the same value as that of
the input transistor Q1 of the comparator COP shown
in FIG. 3 and, hence, the total sum of the base currents
of the transistors Q61 and Q6; is expressed as 8alg/8.
This corresponds to the current expressed as 81 (81=-
8alr/B).

In addition, a transistor Q7 is a transistor for supply-
ing the base current to the transistors Q61 and Q62 and

‘the current of 8i flows through the transistor Q7 as its

collector current.

A second current multiplier 8 is installed in the linear-
ity compensation circuit 5§ shown in FIG. 2 which has
the current multiplication factor 1 (8 in the preferred
embodiment) for providing the current having the mag-
nitude of 64i from the current of 8i. The second current
multiplier 8 includes eight transistors Q8 to Q8g, a total
sum of the collector currents of the eight transistors
Q8 to Q8g expressed as 641 being supplied to, e.g., a
nredetermined one of the connecting points between
the resistors R64 and R65 in the resistor chain 1 denoted
by Ndi shown in FIG. 1.

Furthermore, a transistor Q9 is installed in the linear-
ity compensation circuit § which functions as the tran-
sistor Q4 in the dummy bias circuit 6 and bias circuit 6.
The base current of the transistor Q9 is negligible as
compared with the base current of 8i in each of the
transistors Q61 and Q6.

It is noted that in the 8-bit A/D converter shown in
FIG. 1, the three linearity compensation circuits S hav-
ing the same constructions as shown in FIG. 2 are pro-
vided and the other two circuits are connected to the
other two connecting points Nd2 and Nd3 for aux-
iliarily supplying the current flows to the corresponding
comparators COPs.

As described above, the linearity compensation cir-
cuit 5 shown in FIG. 2 provides the same current as the
emitter current Ig(=RBi/a) flowing through the transis-
tor Q2 of the input circuit of the comparator COP
through the dummy bias circuit 6a formed so as to have
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the same construction as the bias circuit 6 of the input
circuit in the one comparator COP. The current Ig

produced by the circuit 6a is multiplied by 8 by means

of the first current multiplier 7 to provide the current of

8IF. After conversion of the current 81z into the base
current of 81 (81£/8) by means of the transistors Q63 and
Q62, the base current 8i is multiplied by 8 to provide the
current 641 (64 times of the input current i) by means of
a second current multiplier 8 constituted by the transis-
tors Q83 to Q8s of the current Miller circuit together
with the transistor Q7.

Therefore, according to the linearity compensation
circuit described above, the current which must flow
wastefully into the transistors Q5; to QSs and Q3 of the
dummy bias circuit 6a to obtain the same compansation
current 641 amounts only to 91g. Consequently, the
value of the current (Olg+9Ig+91g=271F) is remark-
ably smaller than the current (84If) in the previously
proposed linearity compensation circuit described in
the Background of the Art.

In details, in the previously announced linearity com-
pensation circuit, the total 3841z current must be caused
to flow into the transistors connected to the main tran-
sistor to obtain the three of the sub currents (64i X 3). In
addition, the current needed to provide the current of
641 amounts to 1281z On the other hand, the linearity
compensation circuit shown in FIG. 2 amounts to only
91gand, therefore, the wastefully consumed current can

be reduced by about 1/15. It is noted that each emitter

current of the transistor Q3 shown in FIGS. 2 and 3
needs not be made exactly equal to the emitter current

I of the transistor Q2. The dummy bias circuit 6a needs
to have the same construction as the bias circuit 6.
Then, the emitter load resistance of the transistor Q2
has the same value as that of each resistor of the emitter
loads of the transistors Q5; to Q5g. At this time, the
emitter current of the transistor Q3 has substantially the
same effect even if a value of the emitter current of the
transistor Q3 is slightly less than the current Ig.

In addition, if the current amplification factor k of the
first current multiplier 7 is varied, the wastefully con-
sumed amount of current in the linearity compensation
circuit can remarkably be reduced. For example, if the
current multiplication factor k is 4, the current flowing
through the current multiplication circuit 7 amounts to
only 4l and the total wastefully consumed current
amounts only to 5Ig with the current Iz flowing
through the dummy bias circuit 62 added.

However, in this case, it is necessary to change the
current multiplication factor 1 of the second current
multiplier 8 from 8 to 16. At this time, the number of the
parallel transistors used in the second multiplifier 8 are
shghtly increased from 8 to 16.

Hence, preferably, with the degree of two demands
to miniaturize the A/D converter to reduce current
consumption taken into account, the current multiplica-
tion factors k and | of the two multipliers 7 and 8 need
to be determined.

AsS an alternative, the number of the current multipli-
ers 8 in the linearity compensation circuit 5 in the pre-
terred embodiment may be three and the current of 64i
may be outputted from each of the three current multi-
pliers 8, 8, and 8. In doing so, the dummy bias circuit 6a,
current multiplier 7, the transistors Q6;, Q6;, and Q7
can be commonized with the three current multipliers 8,
8, and 8 so that the total wastefully consumed current
amounts only to 91gto obtain the sub currents of 3 X 64i.

>
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As described hereinabove, in the linearity compensa-
tion circuit for the A/D converter according to the
present invention, the current kli for the linearity com-
pensation having the magnitude of the input current i of
each comparator multiplied by kl by means of the plu-
rality of current multipliers can be achieved and the
current wastefully consumed for obtaining the current
kli can amount only approximately to the current klg
consumed by means of the first current muitiplier.
Hence, the current required to achieve the same com-
pensation current for the linearity of the input/output
characteristic of the A/D converter can remarkably be
reduced. In addition, the A/D converter can be small-
sized and the power consumption thereof can accord-
ingly be reduced with high accuracy maintained.

What is claimed is:

1. A circuit for compensating an input/output charac-
teristic linearity of an analog-to-digital converter, com-
prising:

(a) first means for providing a first current having a
magnitude corresponding to a second current
which is an amplification of an input current flow-
ing through an input circuit of one of a plurality of
comparators in the analog-to-digital converter
from a chain of resistors providing each of a plural-
ity of comparison reference voltages for the corre-
sponding one of the comparators;

(b) second means for providing a third current on the

basts of the first current, the third current being a
multiplication of a second current by a predeter-
mined multiplication factor:

(¢) third means for providing a fourth current on the

basis of the third current, the fourth current being
a multiplication of the third current by an inverse
of an amplification factor of the input circuit of the
comparator; and

(d) fourth means for providing a fifth current on the

basis of the fourth current, the fifth current being a
multiplication of the fourth current by a second
predetermined multiplication factor and being sup-
plied to the input circuit so as to compensate for a
first input current flow totally supplied from a
reference voltage supply of the resistor chain to a
predetermined group of the input circuits of the
comparators via the resistor chain.

2. A circuit as set forth in claim 1, wherein the first
means supplies the fifth current to the input circuit of
one of the other comparators so as to compensate for a
second input current flow totally supplied from the
reference voltage supply to a second predetermined
group of the input circuits of the comparators subse-
quent to the predetermined group via the resistor chain
and to the input circuit of another one of the other
comparators so as to compensate for a third input cur-
rent flow totally supplied from the reference voltage
supply to a third group of input circuits of the compara-
tors via the resistor chain subsequent to the second
group.

3. A circuit as set forth in claim 1, wherein the first
means comprises a plurality of first circuits, each first
circuit being a dummy bias circuit having the same
construction as a bias circuit of each comparator and
providing the first current having the magnitude equal
to the second current.

4. A circuit as set forth in claim 3, wherein the second
means comprises a plurality of first current multipliers
each of which multiplies the first current by the first
multiplication factor.
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5. A circuit as set forth in claim 4, wherein the first
multiplication factor is a positive integer.

6. A circuit as set forth in claim 4, wherein the first
predetermined multiplication factor has a different
value from the second predetermined multiplication
factor.

7. A circuit as set forth in claim 4, wherein the first

predetermined factor has the same value as the second
predetermined factor.

8. A circuit as set forth in claim 4, wherein each of the
first current multipliers constitutes a first current Miller
circuit together with a predetermined emitter follower
transistor of the corresponding first circuit.

9. A circuit as set forth in claim 4, wherein the fourth
means comprises a plurality of second current multiph-
ers each of which multiplies the fourth current by the
second mulitiplication factor.

10. A circuit as set forth in claim 9, wherein the sec-
ond multiplication factor is a positive integer.

11. A circuit as set forth in claim 9, wherein the
fourth means further includes a plurality of first emitter
follower transistors and wherein each of the second
current multipliers constitutes a second Miller circuit
together with the corresponding one of the emitter
follower transistors.

12. A circuit as set forth in claim 9, wherein each of
the second Miller circuits comprises a plurality of paral-
lel emitter follower transistors whose collectors are
interconnected to provide the fifth current and whose
bases are interconnected to another transistor for com-
pensating an emitter-grounded current amplification
factor of the first and second emitter follower transis-
tors of the corresponding second current Miller circuit.

13. A circuit as set forth in claim 9, wherein the third
means comprises a plurality of a set of first transistors
each set of the first transistors connected between the
corresponding first and second circuits and having an
emitter grounded current amplification factor equal to
that of an input transistor of the input circuit of the
comparator.

14. A circuit as set forth in claim 13, wherein the
numbers of the first circuits, first current multipliers,
second current multipliers, the set of the first transistors
are mutually the same and are determined on the basis
of the number of bits of an output digital signal of the
analog-to-digital converter.

15. A circuitry for compensating an input/output
characteristic linearity of an 8-bit analog-to-digital con-
verter, comprising:

(a) three first circuits, each first circuit providing a

first current having a magnitude corresponding to
a second current 1z which 1s an amplification of an
input current i flowing through an input circuit of
one of a plurality of comparators in the 8-bit ana-
log-to-digital converter from a resistor chain pro-
viding each of a plurality of mutually different
levels of comparison reference voltages for the
corresponding one of the comparators;

(b) three second circuits, each second circuit provid-
ing a third current kIg on the basis of the first cur-
rent, the third current klg being a multiplicater of
the second current Ig by a first factor of a positive

integer k;

(c) three third circuits, each third circuit providing a
fourth current ki on the basis of the third current
klg, the fourth current being a multiplication of the
third current kig by an inverse of an emiiter-
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grounded current amplification factor 8 of the
input circuit; and

(d) three fourth circuits, each fourth circuit providing
a fifth current kli on the basis of the fourth current,
the fifth current being a multiplication of the fourth
current ki by a second factor of a positive integer |

and being supplied to a predetermined one of
16. A circuitry as set forth in claim 15, wherein the

first factor 1s 8 and the second factor i1s 8.

17. A circuitry as set forth in claim 16, wherein one of
the three fifth currents 641 is supplied to the 64th com-
parator, one of the other two fifth currents 641 is sup-

pied to the 128th comparator, and the remaining fifth

current 641 1s supplied to the 192nd comparator.

18. A circuitry as set forth in claim 1§, wherein each
of the first circuits has the same construction of a bias
circuit of each comparator and includes a first emitter
follower transistor and a resistor connected between the
first transistor and a minus terminal of a power supply
of the circuitry.

19. A circuitry as set forth in claim 18, wherein each
of the second circuits comprises a first current multi-
plier having the first factor of multiplication and con-
nected to the first transistor of the corresponding one of
the first circuits.

20. A circuitry as set forth in claim 19, wherein the
first current multiplier comprises a first current Miller
circuit together with the first transistor of the first cir-
cuit, the first current Miller circuit having a plurality of
parallel-connected second transistors whose bases are
interconnected to the base of the first transistor and
through each emitter of which the current equal to the
first current Iy flows via a resistor.

21. A circuitry as set forth in claim 20, wherein a
value of the resistor connected between the emitter of
the first transistor and a minus terminal of the power
supply has the same value as each of the resistors con-
nected between the emitter of each corresponding sec-
ond transistor and the minus terminal.

22. A circuitry as set forth in claim 20, wherein each
of the third circuits comprises two third transistors
whose bases, emitters, and collectors are mutually con-
nected and whose emitters are connected to the collec-
tors of the second transistors of the first current Miller
circuit so that the current expressed as kalg (a denotes
a base-grounded current amplification factor) flows into
the bases of the third transistors.

23. A circuitry as set forth in claim 22, wherein each
of the fourth circuits comprises a second current multi-
plier having the second factor of multiplication and
connected to the base of the third transxstors via an
emitter of a fourth transistor.

24. A circuitry as set forth in claim 23, wherein the
first current multiplier has the first multiplication factor
of 8 and the second current multiplier has the second
multiplication factor of 8.

25. A circuitry as set forth in claim 23, wherein the
first current multiplier has the first multiplication factor
of 4 and the second current multiplier has the second

multiplication factor of 16.
26. A circuitry as set forth in claim 23, wherein the

second current multiplier comprises a plurality of paral-
lel-connected fifth transistors whose bases are mutually
connected and connected to the emitter of the fourth
transistor, whose emitters are respectwely connected to
a zero terminal of the power supply via resistors, and
whose collectors are interconnected to supply the fifth
current to the predetermined one of the comparators,
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the plurality of parallel-connected fifth transistors con-
stituting a second current Miller circuit together with a
sixth transistor whose emitter is connected to the zero
terminal of the power supply via a resistor, whose base
1s connected to the base of each fifth transistor, and
whose collector is connected to the base of the fourth
transistor.

27. A circuitry as set forth in claim 26, wherein the
numbers of the second and fifth transistors are varied
according to the first multiplication factor.

28. A circuit for compensating an input/output char-
acteristic linearity of an analog-to-digital converter,
comprising:

(a) first circuit means for providing a first current
having a magnitude substantially equal to a second
current Ig which 1s an amplification of an input
current 1 flowing through an input circuit for one
of a plurality of comparators of the analog-to-digi-
tal converter from a chain of resistors providing
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reference voltage for the corresponding one of the
comparators;

(b) second circuit means for providing a third current

KIz on the basis of the first current, the third cur-
rent klz being a multiplication of the second cur-
rent Ig by a first multiplication factor k;

(c) third circuit means for providing a fourth current

ki on the basis of the third current klg, the fourth
current k1 being a multiplication of the third cur-
rent by an inverse of an amplification factor of an
input transistor in the input circuit for the corre-
sponding comparison voltage of the input circuit;
and

(d) fourth circuit means for providing a fifth current

kli on the basis of the fourth current ki, the fifth
current being a multiplication of the fourth current
ki by a second multiplication factor 1 and being
supplied to a predetermined one of the compara-

tors.
* %k kX Xk %
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